The crystal structure of the hydrated title salt, 2C 6 
The crystal structure of the hydrated title salt, 2C 6 H 13 N 2 + ÁS 2 O 3 2À Á2H 2 O, contains a centrosymmetric cyclic motif of eight hydrogen-bonded molecular subunits. Two DABCOH + cations (DABCO = 1,4-diazabicyclo[2.2.2]octane) are linked to two water molecules and two thiosulfate anions via O-HÁ Á ÁN and O-HÁ Á ÁO hydrogen bonds, respectively. Two other water molecules close the cyclic motif through O-HÁ Á ÁO contacts to the first two water molecules and to the two thiosulfate anions. A second pair of DABCOH + cations is N-HÁ Á ÁO hydrogen bonded to the two anions and is pendant to the ring. Adjacent cyclic motifs are bridged into a block-like arrangement extending along [100] through O-HÁ Á ÁO interactions involving the second pair of water molecules and neighbouring thiosulfate anions.
Chemical context
The title thiosulfate was isolated accidentally when thioacetamide was mixed in ethanol with DABCO (1,4-diazabicyclo[2.2.2]octane), leading to the formation of the thiosulfate anion in situ.
Structural commentary
The asymmetric unit ( Fig. 1) consists of one thiosulfate anion, two monoprotonated DABCOH + cations and two water molecules. The thiosulfate anion exhibits approximate C 3v symmetry. However, in the crystal it has C 1 symmetry with S-O distances in the range 1.4688 (8) to 1.4898 (8) Å and an S-S bond length of 2.0047 (4) Å , and O-S-O and S-S-O angles ranging from 107.47 (4) to 110.48 (5) . In both DABCOH + cations, the three N-C bonds involving the protonated N atom are elongated [mean value 1.499 (2) Å ] compared to the three N-C bonds involving the non-protonated N atoms [mean value 1.472 (4) Å ].
Supramolecular features
The thiosulfate anion is linked via charge-assisted N-HÁ Á ÁO hydrogen bonds to two DABCOH + cations. The third oxygen atom (O2) of the anion acts as a hydrogen-bond acceptor for ISSN 2056-9890 one of the water molecules (O4). The second hydrogen bond involving this water molecule is directed towards a symmetryrelated thiosulfate anion. The second water molecule (O5) is the donor of one O-HÁ Á ÁO hydrogen bond to the other water molecule and of one N-HÁ Á ÁO hydrogen bond to one of the DABCOH + cations. Numerical details of the hydrogenbonding interactions are given in Table 1 . This arrangement leads to the formation of a centrosymmetric cyclic motif consisting of eight hydrogen-bonded molecules with two pendant DABCOH + cations (Fig. 2) . Adjacent cyclic motifs are bridged through O4-H44Á Á ÁO3 contacts into supramolecular blocks running along [100] (Fig. 3 ).
Database survey
A search in the Cambridge Structural Database (CSD Version 5.36 with three updates; Groom & Allen, 2014) for salts with isolated thiosulfate anions returned 25 records with ten of them featuring a metal complex for the cationic part. Entries with simple protonated amine functionalities include structures with tert-butylammonium (Okuniewski et al., 2013) and its hydrate (Dabrowska & Chojnacki, 2014) , cyclohexylammonium (Dabrowska & Chojnacki, 2014) , tetramethylammonium tetrahydrate (Yang & Ng, 2011) , tetraethylammonium dihydrate (Leyten et al., 1988) , isopropylammonium (Okuniewski et al., 2013) , piperazinium (Srinivasan et al., 2011) and adamantanaminium (Jiang et al., 1998) . The thiosulfate anion has also been encapsulated in protonated azacryptands ligands (Maubert et al., 2001; Nelson et al., 2004) .
Synthesis and crystallization
Crystals suitable for a single-crystal X-ray diffraction study were isolated from a clear ethanolic solution of thioacetamide and DABCO in an equimolar ratio. Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) x À 1; y; z; (ii) Àx; Ày þ 1; Àz þ 1.
Figure 3
View of three successive hydrogen-bonded cycles displayed in red, blue and green. Pendant DABCOH + cations are shown in orange. H atoms not involved in hydrogen bonding (black dotted lines) are omitted for clarity.
Figure 1
The asymmetric unit of (I), with displacement ellipsoids drawn at the 50% probability level. Hydrogen bonds are shown as dashed lines.
Figure 2
View of the content of one unit cell, showing the hydrogen-bonded macrocycle made up from the asymmetric unit and its inversionsymmetry-related counterpart. H atoms not involved in hydrogen bonding (black dotted lines) are omitted for clarity.
Refinement
Crystal data, data collection and structure refinement details are summarized in (Bruker, 2014 ); cell refinement: SAINT (Bruker, 2014) ; data reduction: SAINT (Bruker, 2014 );
program(s) used to solve structure: SHELXT (Sheldrick, 2015a); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015b) ; molecular graphics: OLEX2 (Dolomanov et al., 2009) and Mercury (Macrae et al., 2008) ; software used to prepare material for publication: OLEX2 (Dolomanov et al., 2009) and publCIF (Westrip, 2010) .
Bis(1,4-diazabicyclo[2.2.2]octan-1-ium) thiosulfate dihydrate
Crystal data 
Special details
Experimental. X-ray crystallographic data for I were collected from a single-crystal sample, which was mounted on a loop fiber. Data were collected using a Bruker Venture diffractometer equipped with a Photon 100 CMOS Detector, a Helios MX optics and a Kappa goniometer. The crystal-to-detector distance was 4.0 cm, and the data collection was carried out in 1024 x 1024 pixel mode. 
